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THE SALT CONSUMPTION OF SHEEP: 
FATTENING LAMBS 
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These alert, vigorous lambs had salt before them every day during the feeding period. 
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SUMMARY 
1. Common salt (sodium chloride) is one of the essential nutrients 
in the rations of sheep and lambs, and the proper provision of it makes 
for a more profitable and satisfactory sheep husbandry. 
2. Free-choice salt feeding with our present knowledge appears to 
be the most satisfactory method of allowance under Cornbelt condi-
tions to secure near-optimum nutritional results. 
3. When salt is arbitrarily allowed, mixed with the feeds, experi 
mental results indicate that with our present understanding of the 
factors controlling salt needs, it is very difficult to approximate the 
correct quantitative allowance. 
4. Researches with wintering ewes indicate that salting the feed 
may be easily overdone, or underdone. An absence of salt from the 
feeds allowed ewes resultEd in lesser gains, less efficient use of feeds, 
an impaired lamb crop and a decreased wool yied. The ewes not fed 
salt developed a marked craving for it. 
5. The records kept on 1,306 winter-fed lambs show an average 
daily salt consumption of 0.011 pound per lamb, the range by lots 
being from 0.001 to 0.019 pound. It is estimated that lambs fed at 
Ames secure about one-half of their total sodium (pure common salt 
contains 39.34 percent of the "mineral" sodium) and three-fourths of 
their chlorine (salt contains 60.66 percent of chlorine) from the salt 
box (salt self-fed). Ames campus water supplies but very little of 
the total salt constituents, but the feed provides practically all the 
sodium and chlorine not supplied in the salt box. 
6. The character and composition of the rations fed affect in large 
measure the salt consumption and r equirements of fattening lambs. 
Feeding beet molasses markedly decreased salt consumption, whereas 
alfalfa hay had the opposite effect. 
7. Fattening lambs consume much more salt p er unit weight than 
steers fed under similar conditions, and whereas the daily salt con-
sumption of lambs increases during the feeding period, that of the 
steers decreaSEs. Lambs in the finishing lots consume more roughage 
in proportion to concentrates than do steers; this ratio of roughage to 
concentrates is the more marked as the period of feeding progresses. 
The greater the proportion of roughage, the larger apparently is the 
salt consumption. 
8. The salt required for a hundred pounds gain on 1,306 fattening 
lambs averaged 3.78 pounds, the range being from 0.21 to 11.18 pounds. 
A typical representative of an average lamb, gaining 30 pounds in our 
experiments, would therefore require a little over one and a tenth 
pounds of salt during the winter feeding period. 
9. The observations and data as available and interpreted indicate 
that the free-choice feeding of salt of high grade, block or flake, is 
good practice in the fattening of lambs. 
THE SALT CONSUMPTION OF SHEEP: 
FATTENING LAMBS 
By JOHN M. EVVARD, L.C.BROWN,* C. C. Cur,RERTSON MID W. E. HAMMOND 
Salt is essential to the health and thrift of sheep; this is 
the universal experience of practical sheep-raisers and livestock 
authorities. Practically no literature in digested form is available 
which shows the salt consumption and salt requirements of fatten-
ing lambs, hence this bulletin fills a present need in our animal 
husbandry and sheep feeding literature. Weare often asked 
just what the salt consumption and requirements of winter-fed 
lambs should be, and the effect of different rations on the salt 
feeding factors. This bulletin details Our experimental and 
other experience in those practical phases of salt feeding. 
P ART I-HISTORICAL 
An early instance of the recognition of the value of feeding 
salt to sheep is related by Morrell (28) who quotes from Y ouatt 
that it was a practice of the shepherds, following the annual 
spring movement of the flocks of Transhumantes or mig!atory 
sheep of Spain from their winter homes to the distant summer 
pastures, to feed salt for several days before allowing the sheep 
to graze on the succulent forage. 
SALT FEEDING SUGGESTIONS 
Wing (34) states that "salt is essential to the sheep .and it is 
well to accustom them to the use of it and keep it before theni at 
all times. It is especially useful in spring when grass comes." 
Craig (5), in discussing the summer management of the flock, 
suggests that" the salt should be kept before them at all times." 
Coffey (4) concludes that" all sheep kept on feeds that are 
produced in ' the Middle West and East crave salt" for the 
reason that these feeds do not contain sufficient of this mineral 
to satisfy the body requirements. He states further, "S81t may 
be given periodically, say twice a week, or it may l}:t;l"kept b~for~ 
the sheep all the time. As a rule the latter is the better prac~ 
tice." It is pointed out, however, that" cases have been reported 
of sheep and lambs dying because of their almost constant con-
"Fellow in Animal Husbandry, Graduate School, Iowa State College! 1923-24. 
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sumption of salt," and that in such a predicament it would be a 
good plan to feed the salt periodically. 
It may be that such super-salt ingestion is indirectly the re-
sult of craving for other nutritional substances which if deter-
mined and supplied would reduce the salt consumption to nor-
mal. We have noted with other livestock an excessive salt con-
sumption correlated with unthriftiness apparently due to the 
deficiency of other minerals. 
H enry and Morrison (16 ) state that "sheep r equire salt, and 
it should be available at all times, for an irregular supply induces 
over-eating , which causes scours." 
Evvard, Culbertson, Hammond and Wallace (8), conclude 
that "salt is WHITE GOLD in the most efficient of our mineral 
mixtures. It is of vital importance in economic livestock pro-
duction. Its absence from the pig, or sheep, or steer, or cow 
ration very often results in changing an otherwise profitable 
feeding venture into a losing proposition." 
Kellner (23), a German investigator, suggests a salt allowance 
of from one-eighth to one-fourth ounce daily for a sheep of 
average weight. 
SALT FEEDING EXPERIENCE 
Kleinheinz (25) emphasizes the necessity of feeding salt 
regularly, rather than at lengthy intervals. These comments 
are significant: " when it is given to them only once 
in a while they will usually eat too much at one time. They will 
then drink excessive amounts of water, which will upset the 
digestive organs and often cause severe scouring if all 
is to go well provide salt every day of the year." 
Shaw (30) concludes that domestic animals should have free 
access to salt at all times if they are to satisfy their needs. These 
comments by him are significant: "the desire for salt 
is so strong as. to amount to a craving, if it is withheld from them 
That it serves an important end in the animal economy 
would seem to be thus indicated by nature The craving 
for salt is influenced to some extent by natural location and also 
by the food . . . It is scarcely possible to adjust the amount 
of salt given to the exact needs of the animals in any other way 
than ·by allowing them constant access to it " 
Doane (7) emphasizes salt feeding as one of the points to be 
observed in a system of fattening sheep by pasturing forage 
crops. He suggests that after unloading, the sheep should be 
put on a very short pasture for 24 hours, being sure that some 
salt is available. Later, when grazing on the succulent forage 
he believes that the sheep should receive all the salt they want, 
but that increases should be gradually made. 
Kinzer (24) considers that for the best results with the flock, 
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salt should at all times be kept in the sheep corral, and that it 
should be placed where it will be kept clean. 
Biggle (1) emphasizes continous salt feeding in this manner: 
"Have a small box in the pen, placed 18 inches above the ground, 
and always keep salt in it. Do not leave it empty half the time 
and full the other half. " Biggle closes his statement thus: 
, , too much salt at one time results in scouring and 
general loss to the sheep " 
Our experience with respect to salt causing scouring suggests 
that sheep scouring from diverse causes, often consume excessive-
ly of salt, hence the quick conclusion might connect these two 
contemporary observations in a casual way. We have kept 
sheep (ewes) from salt for some months, and then let them have 
it at free-will. These sheep did not scour, but they quit their 
then peculiar" salt craving" antics within a day's time. It 
appears that sheep, ill with some alimentary parasites, or suffer-
ing from diarrhoea not caused by salt will often show a marked 
appetite for this sodium and chlorine carrier. 
These observations and remarks should not be construed to 
mean that the authors believe that periodic salt feeding, the 
intervals between allowance days being long, is the best practice. 
We believe in continuous salt feeding, and emphasize that the 
self-feeding of salt is a superior method of allowance from the 
physiological standpoint. We appreciate, however, that such 
a method of feeding the salt may be impraetical from the manage-
mental viewpoint, particularly in the case of range sheep, which 
some times of necessity are on the move and have their bedding 
grounds frequently changed. 
Smith (31) points out the importance of providing a constant 
supply of salt for fattening lambs, and suggests that the salt 
should be kept in separate troughs under the shed or in boxes 
nailed to the corners. 
Jones (20) describes a simple but effective salt trough which 
he used in providing a liberal supply of salt to a flock of experi-
mental ewes. This special trough appeared to furnish some 
protection against gad flies in that some pine tar, a gad fly 
repellant, was in the salt licking process left on the nose and 
face of each sheep. 
The salt trough used to accomplish this "nose-tarring" was 
four inches deep, six inches wide and four feet long. A board 
three and one-half inches wide, placed flatwise at the back of 
the trough and three inches from the bottom, ran the entire 
length of the trough. A strip of sheepskin, wool side out, was 
tacked to the edge of the three and one-half inch board. This 
was smeared with tar every evening prior to bringing the sheep 
into the lots. This' 'salt and tar" trough, therefore, had a two 
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and one-half inch space thru which the sheep protruded their 
lloses to secure the salt, and incidentally got their noses tarred. 
EXP.ERIMENTS IN SALTING LAMBS 
Jones and Brewer (21) have said that the salt consumption of 
fattening lambs was in their observations influenced by the salt 
content of the water ingested. These investigators fed nine lots 
of 20 lambs each for a period of 90 days. Salt was accessible in 
all lots throughout the entire test. 'rhe lambs were given access 
to well water three times daily. 'l'his water was found upon 
analysis to contain " 1240 parts of salt (chloride of 
soda) per million of water." No check results on water from 
other sources were reported, but nevertheless, the authors make 
this comment regarding the salt consumption of these lambs: 
" the lambs did not consume as much as they would 
have, had they not consumed the salt that was in solution in the 
supply of stock water." 
Dalrymple (6) found that while a small quantity of salt in 
a grain mixture fed along with seasonable soiling crops and hay 
was apparently of no value in preventing nodule-disease and 
parasitism in lambs which had been suckled and fattened in a 
"bare-lot" (kept free from vegetation), yet the lambs fed salt 
were more thrifty and made greater average gains than those 
allowed no salt. Three fattened lambs allowed no salt weighed 
a total of 165 pounds (55 pounds average per laml;» _ when 
approximately 6 m<fnths old, while two slightly younger lambs 
fed salt weighed 133 pounds (67 pounds average per lamb) at 
the same time. 
Dalrymple found that there was apparently no benefit de-
rived because of the salt feeding from the vermifugal (worm-
expelling) standpoint, but that the allowance of salt as an ad-
junct to the feed of sheep is at all times a commendable prac-
tice: 
Jones (22) reported the total salt consumption of two lots of 
experimentally fed Texas range lambs, averaging abO'l1t 47 
pounds initial weight and fed in dry lots on rations as follows: 
I-.Jot 1, consisting of 250 lambs, cottonseed meal, cottonseed hulls 
and feterita and sorghum silage; Lot 2, consisting of 251 lambs, 
cottonseed meal and feterita and sorghum silage. 
Milo and feterita . grain chops were added to the ration of 
Lot 2 after 59 days, and to the ration of Lot I after 102 days. 
All lambs were fed for a period of 83 days, when 125 of the 
lambs were · removed from each lot. The remaining lambs in 
each lot were fed for 36 days more, or for a total of 119 days. 
Water wa$ allowed both from a well and a creek. Many of the 
lambs seemed to prefer the fresh creek water . . Salt was self-fed 
in both lots throughout the entire test. The lambs in Lot 1 con-
sumed 343 pounds of salt, and those in Lot 2, 308 pounds. 
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The data indicates that the average daily salt consumption pel' 
lamb and the salt requirement for 100 pounds of gain for the 
entire test were approximately as follows: 
Lot. No. Feeds fed 
1 Cottonseed meal 
Cottonseed hulls 
Feterita and 
sorghum silage 
2 Cottonseed meal 
Feterita and 
sorghum silage 
Average daily 
salt consumed 
per lamb 
Salt required 
for 100 pounds 
Gain 
(pounds) 
4.53 
4.19 
(pounds) (ounces) 
0.014 0.224 
0.012 0.192 
These figures compare very favorably as regards amounts con-
sumed with the average of our results at the Iowa station, though 
somewhat higher. Some of our lots consumed more salt than the 
Texas fed lambs, but on the other hand, many of them consumed 
less. 
SALTING ON THE RANGE 
J ardine, Lindgren and Potter (18) suggest that the minimum 
salt allowance for sheep on the open range should be practically 
] 00 pounds every five days for 1200 ewes and their lambs. This 
is 0.017 pound, or 0.27 ounce per ewe daily. '1'hey state that 
salting the sheep every night on a new bedding ground is advis-
able whenever possible in that such salting makes for content-
ment during the night. The salt should be given at least every 
five days, so they believe. 
Jardine and Anderson (19) point out that proper salting 
makes range sheep more contented and easier to herd, and that 
the salt should be supplied frequently. Their studies lead them 
to believe that the feeding of from 50 to 75 pounds of salt 
every three days to the band of 1,200 ewes is under practical 
conditions more satisfactory than a large amount fed at greater 
intervals. 
Satola, Smith, Ellington and Cassel (32) found considerable 
variation in practice as regards the salt allowance for range 
sheep. '1'hose who feed salt more liberally make an allowance of 
three pounds of salt for each 100 ewes daily. This is equivalent 
to 0.48 ounce per ewe daily. They observed some sheepmen 
salting much less or only once a week at the rate of 100 pounds 
of salt for each 1,000 ewes. 'fhis is at the rate of only 0.12 
ounce per ewe daily. 
SALTING THE EWES 
Gray and Ridgeway (15 ) in Louisiana determined the salt 
consumption of 16 experimentally fed ewes. Two lots of eight 
ewes each, weighing about 95 pounds on the average at the be-
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ginning, were fed for 106 days during the winter pregnancy 
and subsequent lambing periods. 'l'he ewes and lambs were 
carried through a summer feeding period. The rations fed in 
both periods were maintenance rations only, the ewes making to-
tal average gains per head during each period ranging from only 
one to two pounds. Salt was self-fed in all cases. The rations 
fed and the amounts of salt consumed per ewe per month on the 
different rations were as follows: 
Lot no. 
1 
2 
1 
2 
Season 
of year 
(Winter) 
(Winter) 
(Summer) 
Feeds fed 
Soybean hay 
Cottonseed meal 
Cottonseed hulls 
Green sorghum 
plus mixed hay 
(Summer) Cottonseed meal 
Salt consumed per ewe 
Pounds per Ounces per 
month day 
1.35 0.72 
1.53 0.82 
1.23 0.66 
Ii - ) - iCottonseed hulls 1.29 0.69 
These investigators conclude that " Each ewe ate at the rate 
of 15 to 19 pounds of salt yearly, or a flock of 100 ewes would 
have consumed in one year's time from 1,500 to 2,000 pounds of 
salt." At the rate of 15 to 19 pounds yearly, a ewe would con-
sume from 0.041 pound (0.66 ) ounce to 0.052 pound (0.83 
ounce) on the average daily. 
SOME IOWA RESULTS IN SALTING EWES 
Evvard and Culbertson (9) studied the salt consumption of 28 
separately fed flocks of pregnant ewes, over a period of seven 
years. 
The highest salt consumption noted in the 28 flocks was 0.8 
ounce daily per ewe, on a ration, in pounds, of shelled corn 0.25, 
corn gluten feed 0.75, corn silage 2, timothy hay 0.50, and oat 
straw 0.65. The average daily gain per ewe was 0.22 pound. 
Fig. 1. The salt consumption determinations on fattening lambs were made in 
these yards. The salt was always fed inside the barn. 
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The lowest salt consumption observed was 0.112 ounce on the 
average per ewe daily. The ration fed per ewe daily was, in 
pounds: shelled corn 0.18, whole oats 0.04, linseed oilmeal 0.01, 
corn silage 6.64 and mixed hay one-third sweet native Ne-
braska 1.02. These ewes made an average daily gain of 0.18 
pounds. , ' I iJdJ 
The range in salt consumption was, therefore, from approxi-
mately one-tenth to eight-tenths of an ounce per ewe daily. '1'he 
distribution as regards the average daily salt consumption per 
ewe in 28 observations is given as follows: 
Daily consumption 
per ewe 
(ounces) 
0.1 to 0.3 
0.3 to 0.5 
0.5 to 0.7 
0.7 to 0.9 
Total 
No. of observations 
on separate flocks 
seven years 
6 
9 
11 
2 
28 
Percentage 
distribution 
22 
32 
39 
7 
100 
The average of these 28 observations was 0.42 ounce of salt 
consumed on the average per ewe daily. 
'1'hese investigators conclude from the results of the above 
observations that "a little less than a half ounce would appear 
to be about the average salt consumption of pregnant ewes in 
winter dry lots. It further appears that tour-fifths of an 
ounce represents a relatively heavy consumption, whereas a 
tenth of an ounce is a light salt consumption." 
These comments also appear significant: "The salt allowance 
)f the pregnant ewe is dependent in considerable measure on 
the character of the feeds allowed: some feed combinations re-
quire more salt to balance them than do others." 
Evvard and Culbertson (9) conducted a specific salting ex-
periment at this Station with breeding sheep in which four 
comparable experimental flocks of 10 ewes each were fed the 
same basal ration but with salt allowances ranging from none 
up to one ounce daily per ewe. The salt used was" flake" barrel 
salt, and the amounts fed to the four flocks per ewe daily were 
as follows: Lot I, none; Lot II, one-fourth ounce; Lot III, one-
half ounce, and Lot IV, one ounce. The ewes averaged approxi-
mately 124 pounds at the start of the experiment, and were 
carried during the winter pregnancy period in dry lots until 
each ewe had lambed or proven not pregnant. 
The basal ration fed to the four flocks was as follows, the 
variation in the salt allowance being the only difference in the 
feeding: Grain mixture (whole barley 50 parts; shelled co!'n 
20 parts; wheat bran 20 parts; linseed oilmeal 10 parts, an 
mixed by weight) 1 pound per ewe daily, hand-fed twice daily; 
140 
. plus 3 pounds corn silage per ewe daily at a. m. feed; plus 
mixed hay (clover 90 percent-timothy 10 percent by weight ) 
1 pound per ewe daily at p. m. feed. 
'1'he results of the experiment are summarized in table r. 
These investigators noted in this experiment that all of the 
flocks fed salt made greater gains than did the flock not salted. 
The flocks which received light and medium salt allowances 
(one-fourth and one-half ounce, respectively, per ewe daily ) 
made somewhat greater gains than did the flock fed a heavy 
allowance of salt (l ounce per ewe daily ) . 
The best new-born lambs were secured from the flocks which 
had been fed the light or medium allowance of salt. rfhe lambs 
presented by these ewes were heavier and larger at birth, indi-
cating that a greater uterine growth had been made during the 
gestation period. rfhe lambs from the flocks receiving salt ex-
celled those from the "no-salt" flock in respect to the pregnan cy 
growth factor. The lambs from flocks receiving the light and 
medium salt allowance showed more vigor at birth than did the 
lambs coming from ewes having " no-salt" or a heavy salt allow-
ance. 
The adverse effects of the heavy salting were not observed to 
any considerable extent in the ewes, but were particularly mani-
fest in the decreased vigor of the new-born lambs. The lambs 
having the lowest vigor were brought into the experimentally 
TABLE 1. SALTING PREGNANT EWES IN WINTER. NOV. 19. 1919. UNTIL 
LAMBING 
(All figur zs in pounds unless otherwise designated.) 
Lot no. 
Salt allowance 
I 
No I 
salt I 
None I I per ewe! daily ! 
I I 
Av. number days from Nov. 19 to lambing I 
or removal time ...... . .. ........ . . ..... .. 123.00 I 
Av. daily gain per ewe...................... 0.278 1 
Average daily feed consumed: 
Shelled corn" ........................ . ... . 0.19 
Whole barley .... .. ........ ........ ...... 0.50 I 
Wheat bran .............................. 0.20 I 
Linseed oilmeal ........................... 0.10 1 
Corn Silage .............. . .............. 2.98 
Clover hay .. .. ......... . . .. .... ... ....... 1. 00 
Flake salt ......................... .. . . .. none \ 
Av. number of lambs per ewe............... 1.80 I 
Av. weight per new-born lamb...... ..... .... 8.78 
Av. percentage vigor of new-born lambs 
(100 % = perfect) .. ...................... 82.2 
Avo percentage of perfect wool covering of I 
new-born lamb, (100 % = perfect) . . . . . . . . . 73.1 \ 
Av. growth in height of new-born lambs dur-
ing the pregnancy period. inches.· . ....... ·l 13.6 II 
Av. fleece wt. per ewe at shearing time ...... _/ 7.63 
*14 percent mo:sture basis. 
II III IV 
I M" dium I 
Light I or I Heavy 
I average I 
'4, oz. I 112 oz. I 1 oz. 
per ewe I per ewe I per ewe 
daily I daily I daily 
I I 
127.00 1 124.00 1 122.00 
0.318 0.322 0.311 
0.19 II 0.19 \1 
0.50' \ 0.50 
0.20 0.20 I 
0.10 \1 0.10 \1 2.98 2.98 
1.00 1.00 
0.016 I 0.031 \ 
1.50 I 1.56 
10.32 10.09 I 
0.19 
0.50 
0.20 
0.10 
2.95 
0.99 
0.062 
1.67 
8.97 
85.3 \ 85.7 II 73.3 
84.4 I 80.9 I 73.3 
14 . 4 I 14.5 I 14.2 
8.04 I 8.52 I 7.65 
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controlled fold by the flock of ewes which had been fed "an 
ounce of salt per head daily during the gestation period. 
A study of the average fleece weights per ewe at shearing 
time in the different lots shows that the ewes in Lot II and Lot III 
sheared, respectively, 5.37 percent and 11.66 percent heavier 
fleeces than did the ewes 
in IJot I, not fed salt. Lot 
IV, receiving the heavy 
salt allowance, while not 
yielding as heavy a fleece 
on the average per ewe as 
Lots II and III, still ex-
celled Lot 1 in this respect 
by 0.26 percent. In this 
experiment the heaviest 
fleeces were produced by 
the flocks fed the light or 
medium allowance of salt, 
and the average fleece 
weights in all of the salt-
fed lots excelled those in 
the lot not salted. 
These fleece results, sta-
tistically in t e r pre ted, 
showed that that the posi-
ti ve effects of a near-opti-
mum salt allowance on the 
wool yield were rather sig-
nificant. The heavy salt 
feeding, however, did not 
have any significant effect 
over "no-salt" when the 
figures were appraised ac-
cording to the laws of 
probability and chance. 
Fig. 2. This experimentalIy fed ewe had 
been "kept off salt" for about five months, 
and so she was desperately hungry for it. 
Sheep in the salt craving stage are rela-
tively unprofitable compared to those getting 
their full allowance. Note that the wool is 
not as smooth and lustrous as it should be. 
Shortly we will tell of some French work in which salt feeding 
likewise affected the fleece yield. 
THE APPROXIMATE SALT ALLOWANCE FOR EWES 
Evvard and Culbertson concluded from the results of this 
specific salting experiment that a salt allowance of one ounce 
per ewe daily is apparently too much. From these results, and 
from observations on the salt consumption of winter-fed ewes 
covering seven years of experimental feeding, they conclude that 
approximately a half-ounce of salt on the average per evve daily 
is a fair allowance to figure on when purchasing salt to use 
under Corn Belt feeding conditions, but that the, f~ee-choice 
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method commends itself because it insures an adequate physio-
logical allowance, with apparently good economy. 
The following comments appear significant to us: 
"Inasmuch as 'the feeds fed' are an important controlling factor in 
determining the salt r equirement and needs of the ewes for salt it 
would seem that the safest way in the ligh:t 01' our .present kno,wledge, to 
supply salt to the pregnant wintering ewes is to allow it free·choice 
(self·fed) style. This self·fed method of salt allowance has been found 
to be splendid, superior pra<!tice with all classes and grades of sheep 
whether in the farm fields, pastures, paddocks, barns, or lots . . ." 
EXCESSIVE SALT CONSUMPTION APPARENTLY DETRIM,IDNTAL 
Salt, altho a most valuable ingredient in the ration of sheep, 
should not for best results be fed in too large amounts. 
Henry and Morrison (17) give the results of an experiment 
conducted in France in which" .. 3 lots of sheep were 
fed the same ration of hay, straw, potatoes and beans, those re-
ceiving a daily allowance of 0.5 oz. of salt with their feed gained 
4.5 pounds more per head than those fed no salt, and 1.25 pounds 
more than those fed 0.75 ounces per head daily." This .B'rench 
work showed the wool yield and quality to have been increased 
by proper salt feeding. This is in accordance with some of our 
results with ewes receiving different salt allowances. 
Salt feeding appears to be of value in preventing losses in the 
lamb feeding lots. Wing (34a), in listing the factors necessary 
to prevent these losses, states that" the salt " supply should be 
always conveniently available." 
If salt is an essential constituent of the adequate ration, then 
it is but logical that its omission should be followed by increased 
losses due to lowered nutritional tone. Of course where the 
water carries a goodly supply of the salt constituents, sodium 
and chlorine, practically sufficient to meet the requirements 
of the sheep, as in certain alkali districts of the Southwest, 
then the relative demand for dry salt may be reduced to a near-
vanishing point. 
In this connection, it is well to note what Potter and Nelson 
(29) have to say in regard to sheep getting· their salt allowance 
from alkali licks. In the Northwest, they have observed that 
some sheepmen may not give any salt at all to their flocks be-
cause they depend upon the sheep to find alkali licks. These 
authors believe that where the alkali carries as much as 85 per-
cent common salt equivalent this" alkali method of salting" is 
satisfactory; the opinion is also expressed that where the alkali 
consists largely of carbonate of soda, sulphate of soda, or epsom 
salt, that it cannot satisfactorily take the place of common salt. 
SODIUM AND CHLORINE CONTENT OF NEW-BORN AND OLDER 
LAMBS 
Evvard, Lamb and Gaessler (10) (See table II) determined 
the average sodium and chlorine content of the bodies of two 
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newborn lambs on the fresh (natural) basis to be 0.182 percent 
sodium (Na) and 0.259 percent chlorine (el). The birth weight 
average of the two lambs, was 6.11 pounds (2.770 kilograms). 
On this fresh or natural basis, using the average weight and 
percentages as given above, the body of a new-born lamb weigh-
ing 6.11 pounds (2.770 kilograms) would contain 0.011 pound 
(5.041 grams) of sodium and 0.016 pound (7.174 grams) of 
chlorine. Of the combined arithmetical total of these two ele-
ments, sodium plus chlorine, 40.74 percent is sodium and 59.26 
percent is chlorine. 
It may well be noted here that the percentage of chlorine in 
the body of the new-born lamb is considerably in excess of the 
percentage of sodium present, but if all the chlorine were pres-
ent as salt (sodium chloride) then there would be a slight ex-
cess of sodium. 
Strictly pure common salt (sodium chloride) contains 39.34 
percent sodium and 60.66 percent chlorine. The body of the 
lamb, however, carries somewhat more sodium in proportion to 
chlorine than is found in pure salt, this larger proportion of 
sodium being more marked in mature than in day-old lambs. 
Lawes and Gilbert (26) (see table II) found that the body 
of a fat lamb, one-half year of age and weighing 84.4 pounds 
(38.283 kilograms) contained on the fasted live weight basis 
0.103 percent sodium oxide (0.076 percent sodium) and 0.053 
percent chlorine. Using the above figures, the body of this 
lamb would contain 0.064 pound or 20.095 grams of sodium and 
0.045 pound or 20.290 grams of chlorine. Of the combined 
arithmetical total of these two elements sodium plus chlorine, 
58.72 percent is sodium and 41.28 percent is chlorine. The 
relative proportion of sodium apparently increases with the 
age of the lamb, up to at least six months. 
We also note that in the body of this fat lamb there was a con-
siderable reduction in both the sodium and chlorine percentages 
as compared to the body of the new-born lamb. The chlorine 
content of the fat lamb body 0.053 percent, is much lower than 
the sodium, 0.076 percent, but the reverse was true in the case 
of the new-born lamb, in that the chlorine content, 0.259 per-
cent, considerably exceeded the content of sodium, which was 
0.182 percent. 
It appears that the new-born lamb is supplied with a consider-
able excess of chlorine over sodium in the body, and that this 
excess decreases as growth rrogresses until before the adult 
stage is reached the chlorine content of the body may even fall 
to considerably below the amount of sodium present. 
Weiske (33) found in balance trials with lambs from approxi-
mately 7 to 15 months of age that sodium and chlorine were 
stored in all periods, The daily sodium storage averaged 0,89 
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gram (0.031 ounce or 0.0019 pound) per hundred weight of 
lamb, and the daily chlorine storage averaged 0.99 gram (0.035 
ounce or 0.0022 pound) per hundred weight of lamb. These fig-
ures are equivalent in salt to 0.0048 pound for sodium provision 
and to 0.0036 pound for chlorine provision. Even though the 
higher salt equivalent figure (for sodium provision) of 0.0048 
pound per 100 pounds of lamb daily is considered as the maxi-
mum for body storage, the consumption of approximately 0.0145 
pound of salt per hundred weight of lamb daily noted in our 
experiments would supply this 0.0048 pound, three times and 
over. This maximum daily storage of 0.0048 pound per 100 
pounds of lamb represents 33.1 percent of the average, or 0.0145 
pound daily ingestion per 100 pounds of lamb noted in our work. 
From this line of reasoning it is easily figured that the salt for 
building or storage purposes represents a small relative propor-
tion of the total ingestion. 
Table II gives a summary of data concerning the sodium and 
chlorine content of the bodies of new-born and fat lambs to-
gether with the salt (sodium chloride) equivalent of the chlorine 
present and the excess sodium over the amount which would be 
required to combine with all of the chlorine present to form salt 
in each case. The average estimated storage of sodium and 
chlorine daily by a fattening lamb from birth to one-half year 
(assumed to be 180 days) of age, computed on the basis of the 
difference between the sodium and chlorine content of the body 
at birth and when approximately 180 days old, is also given. 
The hypothetical lamb stored the chlorine ouivalent of 0.12 
gram of pure common salt plus an excess of 0.09 gram of sodium 
daily. The sodium stored, if it all came from salt, would require 
TABLE II. THE SODIUM AND CHLORINE CONTENT 01<' NEW-BORN AND FAT 
SIX MONTHS OLD LAMBS: STORAGE OF THESE ELEMENTS IN 
THE SIX MONTHS GROWING PERIOD. 
Sodium \1 Chlorine 'i eQu~:~tent i sJ~":" .. 
(Na)' (Cl)" of chlorine II (Na) 
I I 
I Grmns···· I Grams I Grams I Gram. T~o~t~al~oo-n~t-en~t~o~f~b~o~d-y-f~a~t·I--~~---.I--~~--~I----~~~I--~~~--
lamb ............. ... .. .. 1 29.095 120.290 I ~~.448 115.937 
I (0.064 lb.) I (0.045 lb.) I (0.074 lb.) I (0.035 lb.) 
Ne:-v_born lamb ........ ... \1 (Z:m lb.) '(~:m lb.) : g:m lb.) I (g:~g~86 lb.) 
Difference (Total estimated I 1 I 
storage by fat lamb in I \ I I 
180 days) ............... / 24.054 t~ . tl6 21.622 115.548 
(0.053 lb.) I (l' .029 lb.) I (0.048 lb.) I (0.0(14 lb.) 
Average estimated storage I I I I 
by fat lamb per day ... .. . l 0.134 I 0.073 0 .120 I 0.087 
I (0.00030 lb.) I (0.00016 lb.) I (0.00026 lb.) I (0.00019 lb.) 
I I I I 
*Na is the chemical &ymbol for sod ium. 
··Cl is the chemical symbol for chlorine. 
to . ···Over ~nd above the amount needed to combine with the chlorine present to 
form the pure salt. sodium chloride. 
·'···One j!ram = approximately 1/ 454 of a pound. 
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Fig. 3. When the lambs are fhst brought home for feeding it is a good plan to 
get them accustomed to salt g loadually. After a week's priming on salt it may be kept 
before them all of the time. 
0.23 gram of pure salt to furnish it. It would therefore take a 
total of 0.23 gram of COlllmon salt, pure, to supply the necessary 
sodium and chlorine, which of course would leave an excess of 
chlorine. At any rate the maximum salt requirement would 
be for the provision of sodium, if all the body building sodium 
was considered to come to the body from that source, which of 
course is not known or believed to be the case. 
'fhe maximum salt equivalent for body building would under 
such circumstances amount to 0.23 gram daily, or 0.00051 pound, 
equivalent to 0.0081 ounce (at this rate one pound of salt 
would provide the body building requirements of one lamb for 
196 days ). It can readily be seen that the growing lamb re-
quires a very small proportion of the total salt that it ingests 
for body build.lJg or storage, even tho it is assumed that the 
maximum salt requirement as above figured is needed, and 
that it all comes from the salt box. 
Our figures on fattening lambs, to be presented later in this 
bulletin, show an average salt consumption of 0.011 pound per 
lamb daily (one pound at this rate would keep a lamb supplied 
with salt for 91 days ). The above 0.00051 pound maximum salt 
figure for daily lamb building would be supplied by 4.64* per-
cent of the average daily allowance our figures show, or 4.64 
percent of 0.011 pound. 'l'he major or outstanding needs of 
the growing and fattening lamb for the ingredients of common 
salt do not arise out of the demands for body building, but 
for the various metabolic processes in the body physiologic 
which result in large excretions of the salt in the urinary, 
fecal and other excretions. 
"The salt we used was. on the average. of rather high purity. running in some 
cases over 99 percent sodium chloride. 
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To gain a clearer conception as regards the proportionate 
function of salt in sheep physiology, a simple simile in which 
salt and sheep are respectively compared to running water 
and a water wheel may be enlightening. Much water runs 
thru the water wheel mechanism, but only a very small propor-
tion of it is absorbed and held by the wooden structures. The 
water performs its wheelturning function nevertheless, even 
tho only a very small percentage of it is retained (absorbed 
by the wood) ; so it is with salt in sheep nutrition. The salt 
renders indespensable service in promoting and adjusting 
metabolic processes, most of it passing on for elimination from 
the body after it has fulfilled its physiological mission. 
That the sodium and chlorine contents of our feeding stuffs 
varies considerably is a demonstrated fact. Forbes (13) re-
ports alfalfa hay to contain 0.489 parts of sodium and 0.161 
parts of chlorine in a hundred parts of dry matter. Henry and 
Morrison (16a) give the parts of sodium and chlorine in a 
hundred parts of this hay to be respectively 0.416 and 0.474, 
equivalent to approximately 0.455 and 0.519 parts on the dry 
matter basis. The ratio of sodium to chlorine in Forbes' figures 
is 1 :0.33 whereas in the data of Henry and Morrison the ratio is 
1 :1.14, thus showing wide variations in the relative propor-
tions present. 
Wolff (35) found considerable differences in the ash content 
of plant materials, and his analyses for sodium and chlorine 
in alfalfa (luzerne, Medicago sativa) hay from one source show 
respectively 0.042 and 0.177 parts per hundred, and in alfalfa 
hay from another sample respectively 0.028 and 0.181 parts. 
The ratio of sodium to chlorine in these two samples of alfalfa 
is 1 :4.21 and 1 :6.46. In the Wolff work the chlorine ran pro-
portionately much higher as compared to "odium than in ~he 
work of Forbes or the averaged compilation of Henry and 
Morrison. Inasmuch as the sodium and chlorine content of the 
feeds presumably aff~ct the salt requirements of sheep, the 
wide variation in composition therefore may be considered as 
probably a potent factor in determining the quantitative con-
sumption of common salt. The wide variation of feeding stuffs 
and water as regards their salt ingredients is one of the factors 
that makes it difficult to estimate accurately the correct salt 
allowance for sheep, hence one of the reasons for free-choice 
feeding. 
Wolff (35a) determined the sodium and chlorine in two 
samples of raw wool and found r espectively 0.33 and 0.28 parts 
in a hundred in one sample and 0.21 (sodium ) and 0.28 
(chlorine) in the other. It will be noticed that in one wool he 
found more sodium than chlorine, but in the other the reverse 
was the case. 
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Using the Wolff factors for " chlorine as a basis of figuring, 
we find that a lamb which grows six pounds of fleece in a year 
would require the equivalent of 0.0168 pound of chlorine in 
would require the equivalent of 0.000077 (equivalent to 1 pound 
of salt in 12,998 days) of sodium chloride (pure salt) daily to 
supply the 0.0168 pound of chlorine in the yearly wool growth. 
'1'his estimated salt equivalent requirement for the wool 
growth does not, however, supply all the wool sodium 
necessary, so that more salt would have to be supplied 
to satisfy the requirement for sodium. Our computations 
show that approximately 0.7 percent of the average daily salt 
ingestion of our Ames experimental lambs (0.011 pound per 
head daily ) would apparently be sufficient to supply the 
amount of chlorine found in the wool growth in one day. It 
would require an additional 0.000037 pound of salt daily to 
supply the necessary wool sodium not furnished by the esti-
mated salt equivalent on the chlorine basis (0.000077 pound 
daily), as given above. A total, therefore, of 0.000114 pound 
(equivalent to one pound of salt in 8,772 days) of salt daily 
would be required to supply the necessary daily wool require-
ments for sodium and chlorine, giving an excess of the latter, 
provided the only source of these elements was the salt ingested, 
which of course is not the case. This estimated total salt require-
ment of 0.000114 pound daily is approximately one percent of 
the average daily salt consumption (0.011 pound) of our experi-
mental lambs. The wool growth in itself, materialistically 
speaking, does not apparently make much of a demand on the 
salt box for construction purposes. 
PART II-THE EXPERIMENTAL STUDTES ON SALT 
CONSUMPTION AND REQUIREMENTS FOR F AT-
TENING LAMBS 
QUESTIONS STUDIED 
The" free-choice" or free-will method of salt feeding suggests 
a number of questions. How much of this saline product will 
the fattening lamb consume daily when it is self-fed 1 Will the 
salt requirement, as evidenced by the consumption, vary with 
different rations? Is there any relationship between the 
amounts of crude protein ingested and the salt consumed? How 
much salt is required for 100 pounds of lamb gains on different 
rations? Does the lamb reauire more or less salt as the fatten-
ing period progresses? How does the salt consumption of 
fattening lambs compare with that of steers in the feed lot? The 
study covered herein was designed, in major part, to throw some 
light on these questions. 
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DURATION AND EXTENT OF STUDIES 
The study as a whole covers all of the winter lamb fattening 
~xperiments carried on in the senior author's administration of 
the meat production and nutrition work in the animal husbandry 
section of the Iowa Agricultural Experiment Station. The 
first experiments we~e conducted in 1912-13, and the entire in-
vestigation covers seven different years of experimental lamb 
feeding; it involves a total of 40 lots, including 1,306 lambs, 
these having been fed on 31 different rations. 'rhe average 
feeding period for the lambs was approximately 90 days. 
The results by monthly periods cover all years but the first 
year, 1912-13; in that first year's work, the salt record was 
based on the entire period, no intermediate weigh backs having 
been made. 
ANIMALS USED 
The lambs used were all from the Western or Northwestern 
ranges, and were in all instances purchased on the Omaha mar-
ket. They were uniformly alloted and fed under similar condi-
tions each year, the differences being chiefly in the feeds used 
and in the methods of feeding. The experimental conditions of 
housing and range varied somewhat in the different years. 
SALTING 
'rhe salt was self-fed to all lots, being provided in small boxes 
which were easily accessible to the lambs at all times. 
Fig. 4. These lambs were Ucrazy for salt" when they arrived at the Animal Hus-
bandry Experimental farm. Evidently they had not recently been allowed sufficient 
salt to satisfy their appetites. To give such lambs a super-feed of salt is not good 
policy. 
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RATIONS FED BY YEARS, AVERAG·E INITIAL WEIGHTS OF 
LAMBS AND AVERAGE DAILY SALT CONSUMPTION 
PER LAMB 
The rations as fed during the different years, the average 
initial weights of the lambs (given with the lots thus ( ), in 
pounds ) and the average salt consumption per lamb daily 
(given with the lots thus ( ), in pounds) were as follows: 
EXPERIMENT 32, 1912-13-0ct. 29 to Feb. 26, 120 Days 
Six Lots of 36 Lambs Each 
Lot I (68) Broken ear corn hand full-fed twice daily ; plus alfalfa 
hay hand full-fed twice daily; plus rock salt self-fed. (0.014) 
Lot II (67) Broken ear corn hand full-fed twice daily; plus corn 
silage hand full-fed twice daily; plus cottonseed meal 0.18 pound per 
lamb daily, fed in two feeds on the silage. (0.017) 
Lot III (68) Same as Lot I with the exception that shelled corn fed 
instead of broken ear corn. (0.016) 
Lot IV (68) Same as Lot II with the exception that shelled corn fed 
instead of broken ear corn. (0.017) 
Lot V (68) Same as Lot I with the exception that ground corn fed 
instead of broken ear corn. (0.015) 
Lot VI (68) Same as Lot II with the exception that ground corn fed 
instead of broken ear corn. (0.016) 
EXPERIMENT 51, 1913-14-Nov. 18 to F eb. 25, 99 Days 
Seven Lots of 40 Lambs Each 
Lot I (52) whole ear corn hand full-fed twice daily; plus linseed 
oilmeal,* O. P. , 0.15 pound per lamb fed once daily on the silage; plus 
corn silage and alfalfa hay each hand·fed twice daily, the hay being 
allowed in the proportion of four-fifths as much hay as of silage, the 
roughage being full-fed; plus barrel salt self-fed. (0.014) 
Lot II (52) Same as Lot I with the exception that broken ear corn 
fed instead of whole ear corn. (0.012) 
Lot III (53) Same as Lot I with the exception that ground corn and 
cob meal fed instead of whole ear corn. (0.013) 
Lot IV .( 53) Same as Lot I with the exception that shelled corn fed 
instead of whole car corn. (0.016) 
Lot V (51) Same as Lot I with the exception that ground corn fed 
instead of whole ear corn. (0.015) 
Lot VI (52) Same as Lot I with the exception that whole ear corn, 
broken ear corn and ground corn successively fed instead of who:e 
car corn, the preparation thus gradually increasing as the experiment 
progressed. (0.014) 
Lot VII (51) Broken ear corn hand full-fed twice daily; plus alfalfa 
hay hand full-fed twice daily; plus barrel 'salt self-fed. (0.019) 
*Cottonseed meal was fed instead of linseed oilmeal the last 20 days. 
EXPERIMENT 151, 1917-18- Nov. 16 to Feb. 6, 82 Days 
Five Lots of 30 Lambs Each 
Lot I (66) Shelled corn hancl full-fed twice daily ; plus corn silage 
hand full-fed twice daily; plus alfalfa hay hand full-fed once daily at 
p. m . feed; plus block salt self-fed. (0.010) 
Lot II (65) Same as Lot I plus linseed oilmeal, O. P., 0.15 pound per 
lamb fed once daily on the silage at a. m . feed. (0.008) 
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Lgt III (66) Same as Lot I plus velvet bean feed meal, 0.29 pound 
per lamb fed once daily on the silage at a. m. feed. (0.008) 
Lot IV (66) Same as Lot I plus peanut meal, .14 pound per lamb fed 
once daily on the silage at a. m. feed. (0.006) 
Lot V (66) Same as Lot I with the exception that corn gluten feed* 
fed instead of shelled corn. (0.004) 
* After 60 days the corn gluten feed was changed to a grain mixture 
made up of approximately 75 percent corn gluten feed, 12.5 percent 
shelled corn and 12.5 percent linseed oilmeal. 
EXPERIMENT 175, 1918-19- Jan. 2 to March 26, 83 Days 
Five Lots of 30 L3.mbs Each 
Lot I (56) Shelled corn hand full-fed, twice daily; plus linseed oil-
meal, O. P., 0.15 pound per lamb fed once daily on the 'silage at a. m. 
feed; plus corn silage hand full-fed twice daily; plus clover hay hand 
full-fed once daily at p. m. feed; plus block salt self-fed. (0.010) 
Lot II (56) Same as Lot I with the exception that whole oats fed 
instead of shelled corn. (0.013) 
Lot III (55) Same as Lot I with the exception that whole barley 
fed instead of shelled corn. (0.011) 
Lot IV (56) Same a!s Lot I with the exception that hominy feed 
f€d instead of shelled corn. (0.013) 
Lot V (56) Same as Lot I with the exception that corn gluten feed 
fed instead of shelled corn. (0.012) 
EXPERIMENT 189, 1919-20-Nov. 29 to Feb. 15, 78 Days 
Five Lots of 30 Lambs Each 
Lot I (58) Same as Lot I, Experiment 175. (0.009) 
Lot II (59) Same as Lot II, Experiment 175. (0.010) 
Lot III (59) Same as Lot III, Experiment 175. (0.010) 
Lot IV (58) Same as Lot I with the exception that a shelled corn 
and whole oats mixture* fed instead of shelled corn. (0.014) 
Lot -V (58) Same as Lot I with the exception that a shelled corn 
and whole barley mixture** fed instead of shelled corn. (0.009) 
'Lot IV was fed mixtures of shelled corn and whole oats, in parts by weight, as 
foJlows: 
First 30 days- Shelled corn 1 part, whole oats 2 parts. 
Second 30 days- SheJled corn 1 part, whole oats 1 part. 
Third 30 days-SheJled corn 2 parts, whole oats 1 part. 
·*Lot V was fed mixtures of shelled corn and whole barley. in parts by weight, as 
follows: 
First 30 days- Shelled corn 1 part, whole barley 2 parts. 
Second 30 days- Shelled corn 1 part, whol·e barley 1 part. 
Third 30 days-Shelled corn 2 parts, whole barley 1 part. 
EXPERIMENT 209, 1920-21-Dec. 2 to Feb. 20, 80 Days 
Seven Lots of 30 Lambs Each 
Lot I (60) Shelled corn hand full-fed twice daily; plus linseed' oil-
meal, O. P. , 0.15 pound per lamb fed once daily on the silage at a. m. 
feed; plus corn silage h and full-fed twice daily; plu's mixed (red 
clover 90 percent-timothy 10 percent) hay* hand-fed, limited accord-
ing to appetite of the least eating lot, once daily at p. m. feed; plus 
block salt self-fed. (0.005) 
Lot II (60) Same as Lot I plus cane molasses 0.25 pound per lamb 
daily in two equal feed's on the silage. (0.005) . 
Lot III (61) Same as Lot I plus cane molasses 0.50 pound per lamb 
daily in two equal feeds on the silage. (0.006) . 
151 
Lot IV (60) Same as Lot I plus cane molasses full-fed daily in twc 
equal feeds on the silage. (0.003) 
Lot V (60) Same as Lot I plus b:et molasses 0.25 pound per lamb 
daily in two equal feeds on the silage. (0.003) 
Lot VI (60) Same as Lot I plus beet molass€s 0.50 pound per lamb 
daily in two equal feeds on the silage. (0.002) 
Lot VII (60) Same as Lot I plus beet molasses full-fed daily in two 
Equal feeds on the silage. (0.001) 
* Alfalfa was substituted for the mixed hay last 30 days. 
EXPERIMENT 233, 1921-22- Dec. 23 to Feb. 28, 67 Days 
Five Lots of 30 Lambs Each 
Lot I (55) Shelled corn hand full-fed twice daily; plus cottonseed 
meal 0.15 pound p£l' lamb fed once daily on the silage at a . m. feed; 
plus corn silage hand full-fed once daily at a. m. feed; plus red clover 
hay hand full-fed once daily at p. m. feed; plus block salt self· 
fed. (0.018) 
Lot II (55) Same as Lot I with the exception that whole soybean 
hay fed instead of red clover hay. (0.013) 
Lot III (55) Same as Lot II. (0.016) 
Lot IV (55) Same as Lot I with the exception that finely ground 
soybean hay fed instead of red clover hay. (0.016) 
Lot V (56) Same as Lot I with the exception that finely ground soy-
bean hay fed instead of red clover hay, the hay being fed mixed with 
the corn grain at p. m. feed, the amount of corn grain being kept the 
same as in Lot IV. (0.013) 
THE RESULTS OF THE EXBERIMENTS 
The results of the seven years of experimental feeding are 
summarized in table III, which shows on the average lamb basis 
the final weights, daily gains, the daily feed, daily crude pro-
tein and daily salt consumption, and the feed as well as the salt 
and crude protein requirements for 100 pounds of gain. 
WIDE VARIATION SHOWN IN SALT CONSUMPTION 
That a marked variation existed in the amounts of salt which 
the lambs consumed daily when fed on different rations is 
shown in table III. In 1920-21, the lambs in Lot VII, full-fed 
beet molasses along with a basal ration of shelled corn, linseed 
oilmeal, clover and alfalfa hay consumed only 0.001 (one-
thousandth) pound of salt per head daily whereas in 1913-14, 
Lot VII, fed broken ear corn and alfalfa hay showed an av-
erage consumption of 0.019 (nineteen-tnousandths) pound or 
] 9 times as much. In other words, at these rates the lambs in 
the lot showing the lowest consumption would have required 
1,000 days to consume a pound of salt, while the lambs in the 
high consuming lot would have required but 53 days. 
THE RATIONS FED AFFECT SALT INGESTION 
That this marked variation in the amounts of salt cQnsumed 
daily was due to the differences in the character of the rations 
TABLE III. LAMB FEEDING AND GAINS DATA COVERING FINAL WEIGHTS, DAILY GAINS, D~ILY FEEDS, FEED REQUIRE-
MENTS, AND PROTEIN CONSUMPTION. 
(All figures in pounds unless otherwise designated.) 
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Experiment 151-Five lots of 30 lambs each-November 16, 1917, to February 6, 1918-82 days 
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Experiment 175- Five lots of 30 lambs each- January 2 to March 25, 1919-83 days 
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Experiment 189-Five lots of 30 lambs each-November 29, 1919, to February 14, 192'0-78 days 
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Experiment 209- Seven lots of 30 lambs each- December 2, 1920, to February 20, 1921-80 days 
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Experiment 233-Five lots of 30 lambs each-November 23, 1921, to February 27, 1922-6J days 
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Explanatory Notes : The corn grain thruout is given on a 140/0 moisture basis, the grain only being figured. excepting in the corn and cob 
meal lot, Experiment 51, where both ground corn grain and cobs are included. 
Legend: WE-whole ear corn; BE-broken ear corn; S-shelled corn; G--ground corn; IP- increasing preparation (whole ear. broke' 
ear and ground corn successively fed) ; WO-whole oats; WB-whole barley; CM-cane molasses; BM-beet molasses. 
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fed rather than to other experimental conditions was further 
indicated by the consistently low salt consumption of the three 
beet molasses-fed lots, and the consistently high salt consump-
tion in the four lots fed corn grain and alfalfa hay. 
'fhis low salt consumption in the three lots fed beet molas,~es 
(1920-21) ranged from 0.003 (three-thousandths) pound in Lot 
V, fed a limited allowance, to the lowest consumption of the 40 
lots studied, or 0.001 pound, in Lot VII where the molasses 
was full-fed. The average for the three lots was 0.002 (two-
thousandths) pound. Inasmuch as beet molasses is quite high 
in mineral content, this particular molasses analyzing 6.66 per-
cent, and since the beet molasses ash averages* approximately 23 
per cent of sodium chloride (salt) equivalent figured from either 
sodium or chlorine standpoints, it would naturally be expected 
that the salt consumption should decrease as the amount of beet 
molasses consumed increased. It would be expected also that 
lambs full-fed this saccharine and somewhat" saline ash" feed 
product would require relatively little salt. When cane molasses 
was substituted for the beet by-product, the salt consumption per 
lamb was practically two and one-half times as much.** Beet 
molasses carries on the average about 50 percent more chlorine 
than cane molasses, ***so that the average of these two sweet 
by-products of beet and cane show, respectively, 1.53 and 1.00 
percent salt equivalent of chlorine. Our beet-fed lambs in Ex-
periment 209 consumed 0.003 pound per head daily less common 
salt than the similarly fed cane groups. On the basis of the av-
erage analyses we have used, it appears that the beet molasses 
fed lambs received in their sweet feed 0.0025 pound per lamb 
more chlorine equivalent per day, which would practically ac-
count for the mean differences noted. This assumes that the 
cane molasses fed lambs ate the common salt in the greater 
quantities to take care of their chlorine demands. 
In average sodium content it appears that beet molasses ex-
ceeds cane molasses about 20 times, there being wide variations 
in different samples from varying sources, however, in both 
the sodium and chlorine percentages. 
ALFALFA HAY STIMULATES SALT CONSUMPTION 
The consistently high average daily salt consumption in the 
four lots where the lambs were fed only corn grain and alfalfa 
hay ranged from 0.014 pound in Lot I (1912-13) to 0.019 pound, 
or the highest consumption of the 40 lots studied, in Lot VII 
·Based on 11 analyses. Great Western Sugar Co. Information to the Authors. 
··Our Iowa Station results, five comparisons with fattening steers involving 66 
steers fed four months, show 21 percent greater salt consumption when cane is sub-
stituted for beet molasses-J'ohn M . Evvard and C. C. Culbertson. 
"""Browne, Chas A., The Composition of the Sugar Cane and Its Products in 
Louisiana, Report International Congress of Applied Chemistry, Rome, (1996) (Atti 
Del Vi Congr<!sso Internazionale Di Chimica Applicata, Vol. 3, No. VI, pp, 74(}..756, 
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Fig. 5. This lamb is typical of the group (Lot VII. Expzr iment 209) having the 
least salt requirement per hundred pounds of gain made (0.21 pound) and likewise 
the lowest daily average salt consumption per lamb (0.001 pound). The b , et molasses 
(0.72 pound fed per lamb daily) had much to do w ith inhibiting the appetite for salt. 
(1913-14) , the average of the four lots fed thus being 0.016 
pound. All of these lots were considerably above the average 
daily salt consumption of the entire 40 lots, or 0.011 pound, and 
were notably higher than any of the beet and cane molasses fed 
lots. Alfalfa hay when fed in appreciable quantities in the 
ration appeared to stimulate the salt consumption. 
The replacement of 0.73 pound of corn silage and 0.15 pound 
of linseed oilmeal with 0.32 pound of alfalfa hay per lamb daily 
(1913-14) in five corn grain-fed lots as compared to one lot 
which received only alfalfa hay in addition to corn grain, 
appeared to increase salt consumption. This enlarged salt inges-
tion ranged in the various lots from 16 to 58 percent. 
The average of the four lots which were fed corn grain and 
alfalfa hay, as compared to the one lot fed corn grain and corn 
silage with a limited amount of alfalfa, indicates that the re-
placement of the silage with alfalfa hay increased the average 
daily salt consumption from 0.010 pound to 0.016 pound, or 
some 60 percent. Inversely, substituting corn silage for alfalfa 
hay appeared to decrease the lambs' appetite for salt some 38 
percent. 
The substitution (computed) of 1.19 pounds of alfalfa hay 
for 1.94 pounds of corn silage and 0.18 pound of cottonseed meal 
in the daily lamb ration (three average comparisons, six lots in 
all) in 1912-13 apparently decreased the average daily salt 
consumption from 0.017 pound (average of the three silage-fcd 
lots) to 0.015 pound (average of the three lots fed alfalfa hay), 
or about 12 percent. While alfalfa did not appear to stimulate 
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salt consumption in this case, but rather caused a decrease, it 
should be noted that these silage lots were fed cottonseed meal, 
and that the lambs fed this supplement were consistently high 
in salt consumption in practically all cases studied. 
On the whole, it appears from this study that substituting al-
falfa hay for corn silage in a corn grain-corn silage ration 
where no protein supplement was fed or where the supplement 
fed was linseed oilmeal, exercised a stimulating influence on the 
salt consumption of fattening lambs. Where cottonseed meal 
was the protein supplement used, however, the salt consumption 
did not appear to be increased, but rather decreased, indicating 
the possibility of cottonseed meal having a stimulating influence 
on the salt consumption. 
This apparent tendency of the lambs to consume more salt 
when alfalfa hay was an appreciable part of the basal ration 
agrees with our observations on the salt 'consumption of fatten-
ing steers receiving a leguminuous roughage with the grain 
ration. We have noted a tendency for the salt consumption of 
steers to be lower in the corn silage than in the hay fed lots. 
IDFFECT OF PROTEIN SUPPLEMENT ON SALT CONSUMPTION 
The addition of the protein supplement, cottonseed meal, to 
a ration of corn grain, corn silage and legume hay, resulted in 
a greater salt consumption than where linseed oilmeal was fed. 
The eight cottonseed meal lots thus fed consumed on the average 
0.016 pound of salt per lamb daily. The range was from 0.013 
pound to 0.018 pound as compared to an average daily salt 
consumption per lamb in the nine linseed oilmeal lots of 0.012 
pound. The range from the lowest to the highest consuming 
lot was from 0.005 pound to 0.014 pound. We have here an 
average salt increase of some 33 percent when cottonseed meal 
is used instead of linseed oilmeal. 
Forbes (13) has reported the sodium and chlorine content of 
both of these superior supplements, his figures showing the 
cottonseed meal to carry more than twice the amount of chlorine 
(comprises 60.66 percent of the weight of pure salt) as carried 
by the flaxseed byproduct. He found, however, that the sodium 
content was practically the same in these feeds. 
By comparing the average druly salt cOllSum!)tion of these 
cottonseed meal and linseed oilmeal groupings with that of 
Lot I, 0.010 pound (1917-18)-fed a ration of shelled corn. corn 
silage and alfalfa hay, with no protein supplement-we found 
that the linseed oilmeal fed groups consumed an average of 
about 20 percent more salt per lamb daily than Lot I , whereas 
the increase was 60 percent when the supplement was cotton-
seed meal. In every group fed cottonseed meal the lambs con-
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sumed more salt each daily than the 0.010 pound eaten by Lot 
I lambs. 'rhe excess amount consumed ranged per lamb daily from 
0.003 to 0.008 pound. On the other hand, only five out of the 
nine linseed oilmeal fed lots ate over the 0.010 pound per lamb 
daily, the excess being smaller, varying from 0.002 to 0.006 
pound. Four of these linseed oilmeal fed lots ate less salt than 
the "check" amount, as much as 0.005 pound less in one in-
stance. 
It is of interest to note that in 1917-18 when all lots were 
changed from linseed oilmeal and fed cottonseed meal during 
the last 20 days of the feeding period, the salt consumption in-
creased somewhat during this three week period. Little if any 
emphasis is to be placed on this increase, but the observation is 
simply recorded to throw a little more light on the subject 
under discussion. 
It appears that fattening lambs and steers under some condi-
tions may react differently, as regards the salt consumption, to 
the addition of a protein supplement to a ration of corn grain, 
corn silage and legume hay. We found in O.:lt Lest that where 
the steers were allowed 1.5 pounds of linseed oilmeal in addition 
to such a basal ration, the average daily salt consumption 
dropped from 0.043 pound for a 120-day period to 0.026 pound, 
and that when the allowance of the oilmeal was increased to 3.0 
pounds per steer daily, the salt consumption showed a still fur-
ther decrease to 0.013 pound. Cottonseed meal substituted in 
similar amounts in place of the linseed oilmeal in the above 
ration showed quite similar reductions. In this connection, we 
must remember that variations in the composition of the feeds 
used may have been the controlling factor. 
'rhe addition of protein supplements such as linseed oilmeal, 
velvet bean feed meal and peanut meal to a ration of shelled 
corn, corn silage and alfalfa hay in 1917-18 apparently reduced 
the average daily salt consumption per lamb in every case. As 
compared to the 0.010 pound of salt consumed on the average 
daily in the check lot, the lots fed linseed oilmeal and velvet 
bean feed meal consumed 0.008 pound, or 20 percent less, while 
the peanut meal-fed lot followed with a consumption of 0.006 
pound, this being 60 percent less than the check lot consump-
tion. It is of some importance to note that the linseed oilmeal-
fed lot in this experiment was one of the lowest in salt consump-
tion when compared to the other linseed oilmeal lots which were 
fed a similar basal ration. 
EFFECT OF CORN SUBSTITUTES ON SALT CONSUMPTION 
Substituting whole oats for shelled corn when fed with linseed 
oilmeal, corn silage and clover hay in two different years, (1918-
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19, 1919-20 ) appeared to increase the average daily salt con-
sumption by 20 percent (average for the two years). 
Substituting whole barley for shelled corn in the same two 
years also resulted in an increased salt consumption, but only 
one-half as much as for the oats, or an increase for the two-
year average of 10 percent. 
Corn gluten feed, used to replace shelled corn when fed with 
linseed oilmeal, corn silage and clover hay in 1918-19, apparent-
ly stimulated the lambs' appetite for salt by 20 percent. Inas-
much as the soluble salts of the ground corn used in the manu-
facture of corn products is concentrated and later incorporated 
with the corn gluten feed components, it would seem logical 
that the soluble salt constituents of the thoroly washed and 
rewashed corn meal, corn germs, corn starch, etc., would be much 
more concentrated in the gluten feed which carries the" stick" 
water residues, than in the original corn grain. The analyses 
reported by F'orbes (13) show that corn gluten feed carries 
some 50 percent more chlorine, and some 16 times a~ much 
sodium in the dry matter. Naturally, therefore, corn gluten 
feed would on replacing corn grain in a ration be expected to 
decrease salt consumption somewhat. This, however, did not 
happen. Some work with fall pigs conducted by the senior 
author showed that the inclusion of a third to over a half pound 
of corn gluten feed per pig daily in a ration of corn grain, "60 
percent protein" meat meal tankage and salt, increased the 
salt consumption per hundred pounds of gain from 0.020 to 
0.028 pound, an increase of 40 percent. 'fhese observations 
suggest that there are other factors which may well be studied 
in determining what controls the salt consumption of animals. 
The fiber factor as well as the effect of other mineral and nu-
trient constituents on developing the demands for sodium 
chloride need to be studied. 
EFFECT OF CANE VERSUS BEET MOLASSES ON SALT 
CONSUMPTION 
Cane molasses, when added to a shelled corn, linseed oil-
meal, corn silage, clover and alfalfa hay ration in 1920-21 
appeared to have little effect on the salt consumption of fatten. 
ing lambs, except possibly when fed in large amounts. Beet 
molasses, on the other hand, seemed to markedly reduce the salt 
consumption, the rate of decrease being somewhat proportional 
to the increase in the amounts of molasses consumed. We have 
hereinbefore discussed the effect of molasses feeding on salt 
consumption. 
EFFECT OF SOYBEAN HAY ON SALT CONSUMPTION 
Soybean hay, either whole or ground, when substituted for 
red clover hay, fed along with shelled corn, linseed oilmeal and 
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corn silage reduced the amount of salt ingested during the en-
tire feeding period, altho during the latter part of the feeding 
time the lambs in all four lots receiving soybean hay, whole or 
ground, ate considerably more salt (from 33 to 67 percent more) 
than the check group receiving red clover hay instead of soy-
bean hay. 
The average salt consumption of the four lots fed soybean 
hay in 1921-22 was 0.015 pound on the average per lamb daily, 
as compared to 0.018 pound in the clover hay check lot, or 
about 17 percent less in the soybean hay lots. Grinding the 
soybean hay did not appear to influence the amount of salt 
consumed. 
Comments from a paper (11) dealing with a study of the 
effects of the partial or whole substitution of soybean hay for 
alfalfa hay in a wintering ewe ration of shelled corn, corn silage, 
alfalfa hay and salt (self-fed) follow: 
"Les's grain was required to keep the ewes in the requisite condition 
when soybean hay was used as a substitute for alfalfa. The combina· 
tion of soybean and alfalfa hays lessened the grain required below that 
required when either hay was fed singly. This saving of grain is an 
important item in the economical wintering of pregnant ewes . . . A 
greater consumption of salt was stimulated by the introduction of the 
soybean hay. Where alfalfa was the only hay fed the salt consumed 
per ewe in the 100 days was 2.2 pound's. The replacement of half of 
the alfalfa . . . with soybean hay ran the salt requirement up to 4.3, 
pounds, practically doubling it. However, 2 pounds more of salt to the 
ewe per 100 days is a small item, economically speaking. Where the 
'soybean hay entirely replaced the alfalfa the salt consumption was 
increased some 64 percent or 1.4 pounds to the average ewe in the 
100 days. Soybean hay ash as compared to alfalfa-hay ash carries (on 
the average-authors) approximately three times as much 'sodium and 
six times as much chlorine. Inasmuch as both these hays carry, in 
round numbers, 9 pound's of ash in 100 pounds, it appears that in the 
face of similar needs for salt that the soybean-hay fed ewes would take 
less salt than the alfalfa-hay fed ewes because they already have a 
large supply of the elemental constituents of salt, sodium and chlorine 
in their feed , the difference of sodium and chlorine contents between 
soybean and alfalfa hay are apparently significant in determining salt 
consumption." 
In two lots of steers fed corn grain and linseed oilmeal with 
clover or soybean hay, respectively, at this Station last year, 
the soybean hay-fed steers consumed less salt on the average 
per head daily than did the clover-fed ones, the daily intake per 
steer being 0.049 as contrasted with 0.060 pound. The clover-
fed steers, however, consumed 8.75 pounds of hay daily, where-
as the soybean hay-fed steers averaged 4.86 pounds of the soy-
bean roughage, 56 percent as much, and these latter steers 
gained 2.27 pounds per head daily while the clover-feds made 
2.58 pounds. The use of ground soybeans and soybean oilmeal 
fed in place of linseed oilmeal in a ration of full-fed shelled 
corn, full-fed corn silage and limited clover hay (one to three 
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pounds per head daily ) r esulted in a higher salt consumplion. 
'fhe check steers ate 0.022 pound, while the steers on ground 
mybeans consumed 0.033 pound, and the ones on soybean oilmeal 
ingested 0.023 pound per head daily. In this same steer exppri-
ment the feeding of a mineral mixture composed of high calcium 
limestone, boneblack, and potassium iodide increased the salt 
consumption materially, or from 0.022 to 0.028 pound per steer 
daily, and the further addition of flowers of sulfur augmented 
the consumption even more, or to 0.038 pound. These findings 
are in accord with our suggestion covering the effects of the 
ingestion of other minerals on salt consumption. 
SALT REQUIREMENTS FOR THE HUNDRED POUNDS OF GAIN 
MADE 
The salt requirement* for 100 pounds of lamb gains in the 
different lots showed an even greater range than did the av-
erage daily salt consumption per lamb. This variation in the 
salt requirement was noticeably influenced by two factors: 
namely, the rate of gain, and the amount of salt consumed on the 
average per lamb daily. Those rations upon which the lambs 
made a high average daily gain but consumed little salt required 
a relatively small amount of salt for the hundred pounds of 
gain made, while the reverse is true of the rations upon which 
the lambs made a low gain but consumed a considerable amonnt 
of salt. The daily salt consumption is apparently dependent on 
a number of controlling factors, mostly hypothetical, which ac-
tually have the greatest weight in determining the salt consump-
tion ·per unit of gain made. 
The range in the salt reauirement per hundred pounds of gain 
made in the 40 lots studied was from only 0.2 pound in Lot VII 
(1920-21), full-fed beet molasses alon~ with shelled corn, Ii meed 
oilmeal, corn silage and clover hay. to 11.2 pounds, or 56 times 
as much, in Lot VI (1912-13), where the ration consisted of 
ground corn, cottonseed meal and corn silage. The lambs in 
this low salt requirement lot made a good gain, or 0.38 pound on 
the average per lamb daily. and consl1med only 0.001 pound of 
salt per lamb per day, while the lambs in the lot showing the 
highest salt requirement made an avera!!e oaily gain of only 0.15 
pound, and consumed on the averagA 0.016 pound of salt daily. 
Beet molasses had an apparent effect in markedly reducing 
the salt required for the hundred pounds of gain made by the 
fattening lambs. The average salt requirement in three lots 
which were fed varied amounts of this sweet feed was only 0.5 
pound. 
·The word requirement 3'5 used herein refers to the salt consum!'ltion per unit of 
gain as determjned under the conditions of the experiments. and does not refer to 
the optimum needs. 
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Fig. 6. These lambs (Lot VI, Experiment 32) ate 11.18 pounds of salt for a hun-
dred pounds of gain made. This is the highest salt requirement found in 40 lots. 
They ate a rather high amount daily per lamb, too, or 0.016 pound. Their daily ra-
tion per lamb was in pounds: 1.01 ground corn. 0.18 cottonseed meal, and corn silage 
1.94. Their daily gain was 0.15 pound. which is unsatisfactory, This ration would 
have been greatly improved had some clover or alfalfa hay been allowed. 
Substituting alfalfa hay for cottonseed meal and corn silage 
when fed with corn grain in three pairs of lots appeared to in-
crease the average daily gain 69 percent and likewise to reduce 
the salt requirement 49 percent. 
The cottonseed meal-fed lots showed a high salt requirement 
thruout as compared to all lots and to the lots fed linseed oil-
meal. 
PERIODIC CONSUMPTION AND REQUIREMENTS FOR SALT 
Table IV gives the average daily salt consumed per lamb, 
and the average salt required for 100 pounds of gain by periods 
for six of the seven years' work. 
A study of table IV shows that both the average daily salt 
consumption and the average salt requirement for 100 ponnds 
of gain of fattening lambs increases as the feeding period 
progresses. 
TABLE IV. SALT CONSUMPTION AND SALT REQUIREMENTS, BY PERIODS 
34 lots, 1,090 lambs- Average length of feeding period 84 days 
Number days A verage daily Salt required 
Sub-period salt consumed for 100 pounds 
in period per lamb gain 
Days Pounds Pounds 
1s t-30th 30 0.008 2'.07 
(0.000- 0.019)' (0.00- 3.87) 
31st-60th 30 0.011 3.20 
(0.001- 0.019) (0.28- 6.10) 
61st-84th" 24 0,013 5,23 
(0.002- 0 , 022) (0.52- 10.95) 
Entire period 
1st-84th 84 0,011 3,15 
(0.001- 0,019) (0.21- 11.18) 
*Figures in parenthes is giv-e the minimum and maximum for all lots. 
"This period ranged from 6.5 to 39.0 days , with an average of 24 days. 
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An analysis of the daily salt (self-fed) consumption by lots 
shows that 31 out of the 34 lots (91.2 percent) increased their 
ingestion of common salt as the feeding period progressed; one 
lot showed little change, and two slightly decreased their salt 
intake in the latter as compared to the first half of the period. 
This evidence of increased daily salt consumption in lamb feed-
ing as the period of fattening unfolds is therefore statistically 
significant-demonstrating that the chances are outstandingly 
in favor of a greater salt outlay in the feeding boxes as the 
marketing time draws nearer. 
An analysis of the salt (self-fed) requirement for the hunnred 
pounds of lamb gains made shows that all of the 34 lots required 
more salt as the feeding and fattening period progressed. These 
data of ours, therefore, covering the requirements of salt by 
sub-periods are unanimous in showing that lambs require more 
and more common salt as they fatten. 
DISCUSSION OF SALT CONSUMPTION BY PERIODS 
The figures in table IV show that a total of 1,090 lambs fed 
in 34 lots in an average feeding period of 84 days consumed 
only 0.008 pound of salt on the average per lamb daily during 
the first 30 days of the experimental feeding. The consumption 
was increased to 0.011 pound per lamb daily, or practically 37 
percent, during the second 30 days. These lambs ate even more, 
0.013 pound, in the third period, an 18 percent increase in the 
last 24 days (sixty-first to eighty-fourth day of feeding in the 
final sub-period over the 0.011 pound ingestion recorded in the 
middle period thirty-first to the sixtieth day). 
In the entire period of feeding (84 days on the average) the 
1,090 lambs showed a mean consumption of 0.011 pound of salt 
per lamb daily. With this average salt consumption, 91 lambs 
would consume practically a pound daily. The number of lambs 
required to consume daily the pound of salt as figured from 
the average of the sub-periods would be as follows: 1st to 30th 
day, 125 lambs; 31st to 60th day, 91 lambs; and 61st to 84th 
day, 77 lambs. 
SALT CONSUMPTION OF LAMBS AND STEERS COMPARED 
In comparing fattening lambs and steers with regard to the 
average daily salt consumption, we find a striking contrast" as 
the feeding period progresses. The steers consume less salt as 
the days unfold, whereas the lambs consume more. 
Table V gives by periods the average daily salt consumption 
of the 1,090 lambs included in this study and the average salt 
consumption per steer'*' daily of 361 experimentally fed steers at 
this Station. 
A study of table V clearly shows that, whereas the fattening 
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TABLE V. SALT CONSUMPTION OF LAMBS AND STEERS COMPARED 
1,090 lambs- Average feeding period 84 days 
361 steers- A verage feeding period 120 days 
Period Average daily salt consumed per head 
Lambs I Steers 
(Days) (Pound) I (Pound) 
I 
1-30 0.008 I 0.032 
31-60 0.011 I 0.028 
61-90 (Lambs 84) 0.013 I 0.023 
91-120 I 0.023 
Entir~ period (Lambs 84) 0.011 I { Steers 90 0.028 
I Steers 120 0.027 
I 
'The authors are indebted to K. K. Henness, fellow in animal husbandry, 1923-24, 
for his collaboration in developing the salt figures on the steers run on experiments 
planned and conducted by the senior writer, C. C. Culbertson, W . E. Hammond, Q . W. 
Wallace. and associates. 
lambs ate more and more salt as they progressed in the finishing 
period, the fattening steers consumed less and less salt as they 
proceeded, month by month, in the feed lots. Whereas in approxi-
mately three months the lambs had increased their daily salt 
eating some 62 percent, the steers meanwhile had decreased their 
salt consumption practically 28 percent. 
The lambs ate much more salt daily in proportion to their 
live weight than did the steers fed on practically the same 
general feeds, such as corn grain, corn silage, legume hays, pro-
tein supplements (linseed and cottonseed meals especially) and 
others. The lambs ate on the average 0.011 pound per head 
daily in 84 days, whereas the steers ate daily per head in 90 
days only 0.028 pound; the average steer ate approximately two 
and a half times as much salt per day as the average lamb, yet 
the average steer's weight was some 15 times that of the average 
lamb. In proportion to live weight, therefore, the steers ate 
approximately one-sixth as much salt daily as the lambs. 
Apparently, fattening lambs are, relatively speaking, heavy salt 
consumers as compared with finishing steers. 
The hay and other roughage as compared with concentl'ates 
consumed by fattening lambs runs higher in proportion than 
with steers. Table VI gives the periodic average daily concen-
trates and legume hay (alfalfa or clover) consumed by four 
typical lots of fattening lambs and four typical lots of fatten-
ing two-year-old steers (all fed in dry winter lots ), togpther 
with the factor covering the pounds of hay ingested per hun-
dred pounds of concentrates (corn grain or corn grain and 
protein supplement). 
That 60 pound lambs when full-fed in the finishing yards 
consume more roughage per hundred pounds of concentrated 
feed than do 1000 pound two-year-old steers is well known to 
practical feeders. 'rhe lambs consumed from 136 to 75 pOllnds 
of hay per hundred pounds of concentrated feed, the lesser rela-
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TABLE VI. ACTUAL AND PROPORTIONATE PERIODIC CONSUMPTION OF 
CONCENTRATES VERSUS HAY BY FATTENING LAMBS AND STEERS 
The Lambs 
Proportion I Relative amount of hay to of roughage con· 
Concen- Roughage concentrates 1 sumed with 100 
Period trates (legume (Concentrates I pounds of coneen-
Ibs. hay), 100. = 100Ibs.) tt'ates by periods 
(first period = 100) 
I 1 
1st month 
··········1 0.88 1. 21 136 1 100.0 2nd month . . . . . . . . . 1 1.32 1.18 89 1 65.4 
3rd month 
.. ······.·1 1.48 1.11 75 1 55.0 
1 1 
Total, average . ..... j 1.23 1.17 94 1 69.5 
1 1 
The Steers 
1 
1st month 
·········· 1 16.45 12.14 74 100.0 2nd month . . . . . . . . . 1 21.77 8.13 37 50.6 
3rd month 
····.· . ·· 1 23.86 8.65 36 49.1 
4th month .......... 1 23.19 6.51 28 38.1 
Total, average ...... 21. 32 8.86 42 56.3 
1 
tive amounts of the legume roughage being eaten as the monthly 
periods unfolded, and as the lambs fattened. 'fhe steers started 
out eating 74 pounds of legume hay to the hundred pounds of 
concentrates, the amount lessening as the steers fleshed up so 
that by the fourth month only 28 pounds of hay was taken. 
Whereas the lambs ate only 55 percent as much hay in propor-
tion to grain feed in the third as in the first month of feeding, 
the steers decreased in roughage consumption even more, or 
down to 38 percent in the fourth month of feeding. 
'l'he consumption of roughage affects salt consumption ma-
terially in livestock husbandry. 'fhe greatest salt eaters among 
the meat producing animals are those that are the largest 
roughage eaters. Fattening swine on highly concentrated feeds, 
getting no roughages, eat very little salt as compared to fatten-
ing steers; steers which eat less roughage proportionately to 
grain than lambs, likewise, are not so ambitious before the salt 
boxes. 
We have shown that lambs increased their salt consumption 
periodically whereas the steers showed a decrease. The steers 
covered in table VI ate on the average 0.056 (one pound per 
steer in 17.9 days, approximately) pound of salt daily the first 
two months as compared to some 18 percent less or 0.046 pound 
(one pound per steer in 21.7 days) the last two months. 
'fhese steers averaged daily in hay consumption, respectively, 
for the first and last monthly periods, 12.14 and 6.51 pounds per 
head; the actual hay consumption was therefore 54 percent as 
much in the last month as in the first. With the lambs, the hay 
consumption during the first and third months was 1.21 and 1.11 
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pounds of hay per lamb daily; the lambs therefore ate 92 per-
cent as much hay in the final as during the initial month which 
means they practically kept up their rate of hay ingestion while 
the steers were halving their leguminous roughage intake. These 
facts explain in large measure the gross reasons why lambs con-
sume more salt proportionately to steers, and why the one class 
of meat producers (mutton) goes up in the daily use of salt 
while the other (beef) goes down. 
The lambs involved in table VI consumed 0.658 pound of 
salt to 100 pounds of combined corn grain and legume hay, 
whereas the steers licked up only 0.169 pound of salt with each 
100 pounds of the total corn grain, high-protein supplement, and 
legume hay. In proportion to the weight of dry feed eaten 
(natural feeding basis), the young ovines consumed 3.9 times as 
much salt as did the two-year-old bovines. The lambs took 1 
pound of salt to 152 pounds of grain and hay, but the steers' 
intake averaged only 1 pound to 592 pounds of concentrates 
and hay fed. 
SOME FACTORS AF~ECTING SALT CONSUMPTION 
Much careful experimental and detailed r esearch work needs 
to be done in order to determine the various factors and primary 
influences affecting salt consumption. 'l'he causes underlying 
the variations in salt ingestion are not so simple as Bunge (2) 
has written. While it is true that potassium salts do have 
some effect on the excretion of chlorine, particularly in the 
very early days following potassium ingestion, yet this effect is 
temporary, as Miller (27) has shown. Some of our work cover-
ing potassium salts feeding with ewes at this Station (12) has 
shown rather definitely a minor inhibitory influence of 'lome 
potassium compounds on salt intake, the salt (sodium chloride 
of high grade) being allowed free-choice style in these compari-
sons. It is certain at any rate that the addition of the potassium 
salts to the basal ration did not stimulate a greater salt con-
sumption on the part of the ewes. 
The amount of crude protein consumed apparently had some 
effect on the appetite of the experimentally controlled lambs for 
salt, inasmuch as graphic regression charts covering the daily 
protein and salt consumption per lamb (See table III for data) 
indicate a sli ght but positive correlation, the higher the pro-
tein the greater apparently was the salt intake. It must be said, 
however, that 40 observations of such general character as we 
made are hardly a sufficient number upon which to base dcpen-
dable linear regression and correlation studies . . We present the 
date, however, with the suggestion that the protein intake may be 
one of the factors in determining salt consumption. 
Inasmuch as fibrous feeds, the roughages especially, appear 
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to stimulate an appetite for salt, it may be that fiber itself may 
be of some importance as a controlling factor. Our evidence on 
this point is too meager to hazard other than the hypothetical 
suggestion just made. 
The approximate salt equivalents of the sodium and chlorine 
ingested by lambs thru their feed, water and salt, as figured 
from our data on two groupings of rations and the analytical 
figures of Forbes (13) and (14 ) covering these elements in corn 
grain, linseed oilmeal, corn silage, and alfalfa hay are given in 
table VII. 
On an average daily ration (Grouping A) of 1.33 pounds of 
shelled corn, 1.12 pounds of alfalfa hay and 0.016 pound of salt 
per lamb, the computed salt equivalent of sodium intake amoun-
ted to 0.0302 pound, of which practically 46, 1 and 53 percent 
came, respectively, from the feed bunk, water trough and salt 
box. In Grouping B, the ration averaged in pounds per lamb 
daily: Shelled corn, 1.20; linseed oilmeal, 0.15; corn silage. 
1.01; alfalfa hay, 0.58; and salt, 0.013. With this ration the 
salt equivalent of the sodium figures only 0.0221 pound, prac-
tically 70 percent as much as in Grouping A. The distribution. 
however, runs about the same, 40, 1 and 59 percent coming re-
spectively, from the feed, water and salt. 
TABLE VIJ THE APPROXIMATE CONSUMPTION OF SALT EQUIVALENT BY 
LAMBS, TOGETHER WITH ITS DISTRIBUTION IN THE FEED, 
WATER AND SELF-FED SALT 
Salt equivalent intake· 
Sodium basis Chlorine basis 
Material Per lamb I \1 Per lamb I 
consumed daily I Percent I daily Percent 
(Ingesta) lbs I distribution I lbs. distribution 
Grouping A- 148 lambs fed in 4 different lots in 2 experiments. Ration: Shelled 
corn, alfalfa hay and salt. 
I II 
In feed ................ 1 0.0140 46.36 II 0.0042 20.69 
In 
water ............. '1 0.0002 0.66 II 0.0001 0.49 In salt ....... . ........ 0.0160 52.98 0.0160 78.82 
II 
Total .............. 0.0302 100.00 II 0.0203 100.00 
II 
Grouping B- 230 Jambs fed in 6 different lots in 2 experiments. Ration: Shelled 
corn, linseed oilmeal. corn silage, alfalfa hay and salt. 
In feed ................ 1 0.0089 40 . 27 II 0.0044 25.14 
In water .............. 0.0002 0.91 II 0.0001 0.57 
In salt .. . ............. 0.0130 58.82 II 0.0130 74.29 
II 
I II 
Total .. . . . ......... 1 0.0221 100.00 II 0.0175 100.00 
"The assumed content (in pounds) of the sodium and the chlorine in 100 pounds 
cf the feeds used equals: 
Corn grain ........ . . . .. . .. . ..... . . 
Linseed oilmeal ........... . ...... . 
Corn sila·ge ................. .. ... . 
Alfalfa hay ...................... . 
Salt (considered as practically pure) 
Sodium 
0.030 
0.282 
0.039 
0.489 
39.3 
Chlorine 
0.073 
0.095 
0.157 
0 . 161 
60.7 
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When the salt equivalents of chlorine as ingested in Group-
ings A and B are compared, we note that the corn grain-alfalfa-
fed lambs took 0.0203 pound per head daily and the corn grain-
linseed oilmeal-corn silage-alfalfa hay-fed lambs took 0.0175, or 
86 percent as much. This is a closer agreement than wa~, ex-
hibited on the sodium basis method of computation. 
More chlorine, relatively speaking, was apparently supplied 
in the total daily ingesta by the common salt (78.8 and 74.3 
percent, respectively, in Groupings A and B), than sodium in 
the same comparison (52.98 and 58.82 percent, respectively, in 
Groupings A and B). At any rate it appears that better than 
half of the total sodium ingested comes from the salt box in 
lamb rations, and that some three-fourths of the total chlorine 
• intake comes from the same source if our average figures as 
used for sodium and chlorine in the feeds are not too far astray. 
Surely tho the feed factor is an important one in determining the 
appetite of lambs for salt. 
The character of the water supply should not be overlooked 
because the mineral salts in the water may have an extraordinary 
influence in controlling the salt box demands. Two of us have 
had experience in semi-arid districts and have made observations 
on the salt consumption of livestock in those regions where the 
water was of alikali quality. We found that in certain sections, 
like in the Salt River Valley of Arizona, for instance, that sheep, 
cows, and steers showed but little relative interest in the salt 
allowed, and in some cases the salt consumption was extraordinar-
ily low. The waters from some springs are rich in the chemical 
elements that salt carries, hence the financial outlay for salt may 
under such conditions be greatly diminished. 
Our Ames campus water, such as allowed to the experimental-
ly fed lambs,carries, according to Burke (3) approximately 21 
parts of sodium (determined . by the difference method ) ; and 
10 parts of ' chlorine in a million parts; this is equivalent to 53 
and 17 parts of common salt, respectively, depending on the 
element figured. On the sodium basis of salt equivalent, we com-
pute that with lambs drinking above an expected average, or 4 
pounds of water daily per head (most of our -figures show an 
approximate range of from 3.0 to 4.3 pounds daily water drunk 
per lamb during 'the winter feeding period), the common salt 
(sodium equivalent) intake in the water would be equal to 0.0002 
pound per lamb daily. This figures only 1.9 percent of the 
average daily intake of the 1,306 lambs studied. From the 
sodium standpoint, therefore, the Ames campus . water supply 
does not afford much of this mineral element to winter-fed lambs. 
When we use chlorine as the basis for computing the salt 
equivalent of Ames water, the lambs would secure even less com-
mon salt equivalent than where sodium is used as the basis. Our 
• 
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TABLE VIII. SALT REQUIREMENTS OF LAMBS AND STEERS COMPARED 
1,090 lambs-Average length of feeding period 84 days. 
361 steers-Average length of feeding period 120 days. 
Period (days) 
1-30 ...... . .. . ... .. .... • .. . .... . .•....•..•...... 1 
31-60 .. ···. · · . ............... · ...... · .. ···.·· ··. ·1 ~tigo (~~~~ . ~4~ : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 
Entire period (Lambs 84) ........•. . .. . ......•... 
(Steers 90) ...........•.. · · .· • . ···. 1 
(Steers 120) .................. . .... '1 
Average salt requirement for 
100 pounds of gain 
Lambs I Steers (pounds) (pounds) 
2.07 
3.20 
5.23 
3.15 
0.90 
0.98 
1.14 
1.75 
1.01 
1.03 
computations show that with lambs drinking this, somewhat 
above the average, or 4 pounds of Ames campus water per head 
daily, the common salt (chlorine equivalent) intake is only 
0.00007 pound per lamb daily. This low salt equivalent of 
chlorine is only 0.6 percent of the average daily salt consumption 
per lamb (0.011 pound) as determined on the 1,306 lambs studied. 
It is evident that winter-fed lambs which are supplied with 
Ames campus water secure but relatively very small amounts of 
either sodium or chlorine from the watering trough in propor-
tion to the total quantity of these elements normally ingested. 
SALT REQUIREMENTS FOR GAINS, BY PERIODS 
Table IV shows that the salt requirement for 100 pounds of 
gain made by these 1,090 lambs (see also table VII) increased 
from 2.07 pounds for the first 30-day period to 3.20 pounds for 
the second 30-day period (55 percent increase) and to 5.23 
pounds for the remaining 24 days of the feeding period (an in-
crease of 63 percent over the consumption for the thirtieth to 
sixtieth day) . The salt requirements as determined by the lambs 
show that in the first month of feeding the amount consumed 
per unit gain was less than half that of the last period previous 
to final marketing. The percentage increase in the salt used 
(first monthly period compared to the last 24 days) figures 153 
percent. Stated differently, the ingestion of salt was 253 per-
cent as much toward the finish of fattening as in the early weeks 
when the lambs were being" gotten on feed." 
The salt requirement for 100 pounds of gain over the entire 
average feeding period of 84 days for these 1,090 lambs was 3.15 
pounds. 
SALT REQUIREMENT FOR GAINS, -LAMBS VERSUS STEERS 
• Table VIII gives the relative salt requirements of lambs and 
steers by periods . 
Altho the lambs increased their salt consumption per unit of 
gains by two and a half times as the feeding period progressed, 
171 
the salt consumption of the steers less than doubled. 'rhe lambs 
consumed 2.3 times as much salt per hundred pounds of increase 
as did the steers in the first month (2.07 versus 0.90 pounds) but 
in the third month the lambs increased proportionately more in 
salt consumption, so that they then ate 4.6 times as much salt 
per unit of gain as did the steers (5.23 versus 1.14 pounds). 
The average for 1,090 lambs for 84 days showed a consumption 
of 3.15 pounds of salt to the hundred pounds of gain made, but 
the 361 steers ate only 1.03 pounds while making a similar gain, 
or less than a third as much. If this salt requirement compari-
son of lambs and steers is made to include all of the 1,306 
lambs used in this study, an even greater spread is found, be-
cause the average salt for the hundred pounds of gain made on 
these 1,306 lambs was 3.78 pounds which is 335 percent of the 
steers' salt requirement. 
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